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Purposes MicroRNAs are small noncoding RNAs and microRNA-214 (miR-214) has 
been associated with the inhibition of cancer cell growth, migration, and invasion. The 
aim of this study was to investigate whether cell-free miR-214 isolated from urine could 
be used as a biomarker for non-muscle-invasive bladder cancer (NMIBC). 
Materials and Methods: A total of 138 patients with primary NMIBC and 144 healthy 
normal controls were enrolled in this study. By use of quantitative polymerase chain 
reaction (PCR), the urinary levels of cell -free miR-214 were measured and the clin- 
icopathological parameters of patients with NMIBC were compared with those of the 
controls. 

Results: The urinary levels of cell-free miR-214 were significantly higher in the NMIBC 
patients than in the controls (20.08±3.21 vs. 18.96±2.68, p=0.002). However, the uri- 
nary levels of cell-free miR-214 were neither graded nor staged for the NMIBC patients 
(p > 0.05, each). When we compared the urinary levels of cell-free miR-214 according 
to clinical outcomes, patients with recurrence had lower levels of miR-214 than did those 
with no recurrence (19.24±2.67 vs. 20.41±3.41, p=0.023). By contrast, there were no 
significant differences in the urinary level of cell-free miR-214 between the NMIBC pa- 
tients showing progression and those showing no progression (p=0.919). Multivariate 
Cox regression analysis revealed that urinary levels of cell-free miR-214 were an in- 
dependent predictor of NMIBC recurrence (hazard ratio, 2.011; 95% confidence inter- 
val, 1.027 to 3.937; p=0.041). 

Conclusions: Urinary levels of cell -free miR-214 could be an independent prognostic 
parameter for NMIBC recurrence. Thus, urinary cell-free microRNA-214 might be a 
useful prognostic marker for NMI BC. 
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INTRODUCTION 

Bladder cancer is the second most common urological ma- 
lignancy in humans, and it was estimated in 2012 in the 
United States that 73,510 new cases of cancer of the urinary 
bladder were diagnosed along with 14,680 deaths [1] . In 
Korea also, bladder cancer is the second most common geni- 
tourinary tumor and is about five times as common in men 
as in women [2,3]. Bladder cancer is classified into two large 
groups of non-muscle-invasive bladder cancer (NMIBC) 



and muscle-invasive bladder cancer (MIBC) according to 
pathology and clinical features [4] . Although only 20% of 
bladder cancer is confirmed as MIBC at first diagnosis, 
MIBC accounts for the majority of cancer-specific deaths 
[5,6]. More than three-quarters of all bladder cancer cases 
are NMIBC that can be treated by transurethral resection 
(TUR). Unfortunately, about 70% of patients with NMIBC 
who have undergone TUR experience a tumor recurrence 
within 2 years. Furthermore, 20% to 30% of patients who 
have had a complete TUR and intravesical therapy per- 
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formed with bacillus Calmette-Guerin (BCG) have experi- 
enced progression to MIBC [7]. Thus, many diagnostic tools 
and biomarkers have been proposed and developed to pre- 
dict the recurrence and progression of NMIBC [8-10], but 
most of these have proven to be inadequate in terms of effi- 
cacy and accuracy because of the heterogeneous behavior 
of bladder cancer. 

MicroRNAs (miRNAs) are small, noncoding RNAs that 
are 18 to 22 nucleotides in length in their mature form 
[11,12]. MicroRNAs act as posttranscriptional gene modu- 
lators and play an important role in cell proliferation, dif- 
ferentiation, survival, programmed cell death, and onco- 
genesis of cells and organisms, usually by inhibiting trans- 
lation [13] . MicroRNAs are aberrantly expressed in human 
cancer and may function as a novel class of oncogenes or 
tumor suppressor genes. Actually, numerous studies have 
detected miRNA deregulation in human malignancies, in- 
cluding chronic lymphocytic leukemia, breast cancer, pri- 
mary glioblastoma, lung cancer, thyroid cancer, colon can- 
cer, and pancreatic cancer [14]. Also, when histologically 
matched with normal urothelium, various types of mi- 
RNAs are aberrantly expressed in bladder cancer. Acco- 
rdingly, it has been suggested that miRNAs play roles as 
oncogenes or tumor suppressors in the tumorigenesis and 
progression of bladder cancer [15]. However, although 
many miRNAs, their targets, and their mechanism of ac- 
tion as well as their clinical value have recently been de- 
scribed, few studies have focused on cell-free miRNAs iso- 
lated from urine, particularly in bladder cancer. 

In the present study, we measured the expression levels 
of urinary cell-free miR-214 in NMIMC patients and then 
investigated whether urinary cell-free miR-214 could be a 
prognostic biomarker for NMIBC. 

MATERIALS AND METHODS 
1. Study population and samples 

A total of 138 patients with primary urothelial carcinoma 
of the urinary bladder and 144 healthy controls were en- 
rolled in the study. Controls were selected to match the age 
and gender proportions of the bladder cancer patients, and 
subjects were screened to ensure that they were within the 
normal range of all laboratory results with no history of ma- 
lignant tumors. Urine samples were collected in the morn- 
ing and stored at 4°C, then centrifuged at 25,000 rpm for 
15 minutes. Each supernatant and sediment was portioned 
into Eppendorf tubes and stored at -20°C until use. All pri- 
mary tumor samples were obtained from patients who un- 
derwent TUR and were histologically verified to have ur- 
othelial carcinoma. To reduce confounding factors affect- 
ing the analyses, and to delineate a more homogeneous 
study population, any patients diagnosed with a con- 
comitant carcinoma in situ or for whom data collection was 
incomplete were excluded. The collection and analysis of 
all samples was approved by the Institutional Review 
Board of our institute, and written informed consent was 
obtained from each subject (IRB approval number 2006-01- 



001). 

Patients who had a Tl tumor, multiple tumors, large tu- 
mors ( > 3 cm in diameter), or high-grade Ta NMIBC re- 
ceived one cycle of intravesical treatment (BCG or mitomy- 
cin-C). Response to treatment was assessed by cystoscopy 
and urinary cytology. Patients who were free of disease 
within 3 months after treatment were assessed every 3 
months for the first 2 years, and then every 6 months 
thereafter. Patients who refused or did not complete an 
imaging work-up such as a computed tomographic scan or 
an magnetic resonance imaging at least once every 3 
months to evaluate their response were excluded from the 
study. Tumors were staged and graded according to the 
2002 TNM classification and the 1973 World Health 
Organization grading system, respectively. Recurrence 
was defined as a recurrence of primary NMIBC at either 
a lower or the same pathological stage, and progression was 
defined as disease with a higher TNM stage upon relapse 
of NMIBC. 

2. Purification of miRNA 

A Genolution urine miRNA purification kit (Genolution 
Pharmaceuticals Inc., Seoul, Korea) was used to purify the 
urine samples. Urine sample super-matant (500 uL) was 
added to each tube containing Genolution proprietary 
miRNA separation solution, which was then vortexed for 
20 seconds. Next, 200 |iL of chloroform was added and the 
samples were vortexed for 10 seconds, after which they 
were centrifuged at 13,000 rpm for 10 minutes at 4°C. A 
600-|iL fraction from the top aqueous phase was taken and 
transferred into a new 1.5 mL tube, and 0.8 mL of iso- 
propanol was added, followed by centrifugation for 5 mi- 
nutes at 13,000 rpm and 4°C. After removing the aqueous 
solution, 1 mL of 70% ethanol was added and the sample 
was again centrifuged for 2 minutes at 13,000 rpm and 4°C. 
After removing the ethanol, the pellet was dissolved in 30 
|iL RNase-free water and stored at -80°C until use. A fixed 
concentration of microRNA (5 ng/|iL) from a given volume 
of starting urine was used as the input into the reverse tran- 
scription reaction. 

3. Reverse transcription of miRNA 

The miScript reverse transcription kit (Qiagen Korea, 
Seoul, South Korea) was used for reverse transcription of 
the miRNAs. After mixing with template RNA, 5X miScript 
buffer, miScript reverse transcriptase mix, and RNase-free 
water in a final volume of 20 |xL, the mixture was centri- 
fuged briefly and incubated for 60 minutes at 37°C. To in- 
activate the miScript reverse transcriptase mix, the sam- 
ples were incubated for 5 minutes at 95°C and placed on ice. 

4. Real-time PCR detection of miRNA 

For quantification of the miRNA expression, real-time am- 
plification was performed with a Rotor-Gene 6000. Real- 
time PCR assays were performed in microreaction tubes 
(Corbett Research, Mortlake, Australia) using the miS- 
cript PCR starter kit (Qiagen Korea, Seoul, Korea). To am- 
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plify target miRNAs, forward primers were designed for 
the miR-214 (5'-ACA GCA GGC ACA GAC AGG CA GT-3'). 
After thawing the reagents and template cDNA, the PCR 
reaction was carried out in a final volume of 20 |xL contain- 
ing 10 uL 2X QuantiTect SYBR Green PCR master mix, 2 
|xL 10X miScript universal primer, 2 |iL 10 pmol forward 
primer, 2 |iL template cDNA, and RNase-free water. 
Real-time PCR conditions were as follows: one cycle of ini- 
tial activation for 15 minutes at 95°C, followed by 50 cycles 
of 15 seconds at 94°C for denaturation, annealing for 30 sec- 
onds at 55°C, and extension for 30 seconds at 70°C. The 
melting program was performed at 70°C to 99°C at a heat- 
ing rate of 1°C per 5 seconds. Spectral data were captured 
and analyzed by using Rotor-Gene real-time analysis soft- 
ware 6.0, Build 14. All samples were run in triplicate. For 
accurate and reproducible results by real-time PCR, it was 
necessary to normalize the amount of target miRNA by us- 
ing a suitable endogenous reference RNA. This approach 
is known as relative quantification. In the present experi- 
ment, U6 was used as a control for the normalization of re- 
al-time PCR results in miRNA quantification studies using 
the miScript PCR system. U6 was analyzed in parallel as 
an endogenous RNA reference gene and all data were nor- 
malized to U6 expression. 

5. Statistical analysis 

A Student t-test was applied to assess the association of the 
miRNA expression level with the clinical variables. To com- 
pare the levels of miRNA-214 in enrolled patients and con- 
trols, an analysis of variance was applied. The prognostic 
value of the levels of miR-214 in NMIBC was studied by us- 
ing multivariate Cox proportional hazards regression 



TABLE 1. Baseline clinical and pathological features of patients 
with bladder cancer 



Variable 



Patient 
(n=138) 



Contro 
(n=144) 



Age (y) 


62.08±13.38 


Gender 




Male 


110 (79.7) 


Female 


28 (20.3) 


Grade 




Gl 


53 (38.4) 


G2 


64 (46.4) 


G3 


21 (15.2) 


T stage 




Ta 


64 (46.4) 


Tl 


74 (53.6) 


Size (cm) 




<3 


83 (60.1) 


>3 


55 (39.9) 


Number 




Single 


79 (57.2) 


Multiple 


59 (42.8) 


Median follow-up period (mo) 


49.22±33.04 



114 (79.2) 
30 (20.8) 



models. Statistical analysis was performed by using IBM 
SPSS ver. 19.0 (IBM Co., Armonk, NY, USA), and a p-value 
of < 0.05 was considered statistically significant. 

RESULTS 

1. Baseline characteristics 

The baseline characteristics of the enrolled patients and 
controls are listed in Table 1. The mean age of the patients 
was 62.08±13.38 years for 110 males and 28 females; the 
mean age of the controls was 63.79±12.65 years for 114 
males and 30 females. The number of patients in grades Gl, 
G2, and G3 was 53, 64, and 21, respectively. The number 
of patients in stages Ta and Tl was 64 and 74, respectively. 
The median follow-up period was 49.22±33.04 months. 
Other clinical and pathological features of the enrolled pa- 
tients are presented in Table 1. 

2. Comparison of miR-214 in controls and patients 

Table 2 summarizes the association between urinary levels 
of miRNA-214 and the clinicopathological parameters of 
bladder cancer patients. The levels of miR-214 were sig- 
nificantly higher in the NMIBC patients than in the con- 
trols (20.08±3.21 vs. 18.96±2.68, p=0.002). However, the 
urinary levels of miR-214 were not significantly associated 
with either the grade or the stage of bladder cancer (p> 
0.05, each). 

3. Comparing the levels of miR214 in predicting the clin- 
ical outcomes of bladder cancer 

When we compared the urinary levels of miR-214 according 
to clinical outcomes, we found that the urinary levels of 
miR-214 were significantly different between the re- 
currence and the nonrecurrence groups (Table 3). Patients 
with recurrence of NMIBC had lower levels of miR-214 
than did those who had no recurrence (19.24±2.67 vs. 
20.41±3.41, p=0.023). There was no significant difference 
in the levels of miR-214 between the progression and the 
nonprogression groups (p=0.919). 



TABLE 2. Urinary levels of microRNA-214 according to the 
clinicopathologic features of bladder cancer 



Variable 


Control 


NMIBC patient 


p-value 


Levels 


18.96±2.68 


20.08±3.21 


0.002 


Grade 






0.425 


Gl 




20.28±2.75 


0.205 a 


G2 




20.18±3.53 




G3 




19.10±3.26 




T stage 






0.577 


Ta 




19.91±2.63 




Tl 




20.24±3.69 





Values are presented as mean±standard deviation or number (%). 



Values are presented as mean±standard deviation. 
NMIBC, non-muscle-invasive bladder cancer. 
a :p for trend was analyzed by analysis of variance. 
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4. Prediction of recurrence in patients with NMIBC 

In the univariate Cox regression analysis, the number of 
tumors (especially > 8) and the levels of miR-214 were in- 
fluential factors in the recurrence of NMIBC (hazard ratio 
[HR], 2.636; 95% confidence interval [CI], 1.220 to 5.699; 
p=0.014; HR, 2.231; 95% CI, 1.175 to 4.238; p=0.014, re- 
spectively). Multivariate Cox regression analysis revealed 
that a low level of urinary miR-214 was the only in- 
dependent predictor of NMIBC recurrence (HR, 2.011; 95% 
CI, 1.027 to 3.937; p=0.041) (Table 4). The patients with low 
levels of miR-214 had a significantly longer recurrence-free 
survival time than did the patients with high level of 
miR-214 (p=0.012) (Fig. 1). 

DISCUSSION 

The current study showed that urinary cell-free miRNAs 
can serve as noninvasive prognostic markers for the re- 
currence of NMIBC. MicroRNAs have been identified in all 
types of bodily fluids, including cerebrospinal fluid, pleural 
fluid, peritoneal fluid, and even tears, saliva, and urine 
[16] . Numerous studies have recently shown that miRNAs 



TABLE 3. Comparison of microRNA-214 in predicting recurrence 
and progression 





Patient 


microR-214 


p-value 


Recurrence in NMIBC 






0.023 


No recurrence 


95 (68.8) 


20.41±3.41 




Recurrence 


43 (31.2) 


19.24±2.67 




Progression in NMIBC 






0.919 


No progression 


124 (89.9) 


20.07±3.26 




Progression 


14(10.1) 


19.99±3.16 





Values are presented as number (%) or mean±standard deviation. 
NMIBC, non-muscle-invasive bladder cancer. 



are emerging as a new class of cancer biomarkers [17]. In 
the case of urothelial carcinoma, urine is a particularly de- 
sirable source of such biomarkers. An ideal biomarker 
must be accessible by noninvasive protocols, be inex- 
pensive to quantify, be specific to the disease of interest, 
and be a reliable indicator of disease before the appearance 
of clinical symptoms [16]. Urine is more convenient and less 
invasive to collect than blood; in addition, miRNAs exist in 
a stable form in urine even after seven cycles of freezing and 
thawing or 72 hours at room temperature [18]. Also, 
miRNA levels in the urine rarely change. Cell-free miRNAs 
in urine could be direct indicators of urological conditions 
including injury, malignancy, and so on. The exact mecha- 
nisms of release and the roles of cell free circulating 
miRNAs are unclear. Recent studies have suggested, how- 
ever, that the interaction between cells via mRNA and 
miRNA is accomplished by microvesicle transfer [19]. 




High miR-214 



Low miR-214 



§ 0.2- 



0 0 - Log-rank test, p=0.012 

— i 1 1 1 1 

0 50 100 150 200 

Time (mo) 

FIG. 1. Recurrence-free survival in patients with non-muscle-in- 
vasive bladder cancer according to urinary cell-free microRNA- 
214 (miR-214). 



TABLE 4. Univariate and multivariate cox regression analysis for the prediction of recurrence in non-muscle-invasive bladder cancer 
according to microRNA-214 Level 



Variable 


Univariate 




Multivariate 




HR (95% CI) 


p-value 


HR (95% CI) 


p-value 


Age 


1.013 (0.988-1.038) 


0.313 


1.008 (0.979-1.038) 


0.589 


Sex (female vs. male) 


0.621 (0.319-1.209) 


0.161 


0.729 (0.343-1.550) 


0.411 


Number of tumors (single vs. multiple) 




0.048 






Single 


1 




1 




2-7 


1.344 (0.668-2.704) 


0.407 


1.196 (0.546-2.616) 


0.655 


>8 


2.636 (1.220-5.699) 


0.014 


1.644 (0.637-4.248) 


0.304 


Tumor size (<3 cm vs. ^3 cm) 


1.241 (0.680-2.268) 


0.482 


0.933 (0.453-1.922) 


0.850 


Stage (Ta vs. Tl) 


1.045 (0.569-1.920) 


0.887 


0.867(0.390-1.926) 


0.726 


Grade 




0.444 






Gl 


1 




1 




G2 


1.231 (0.621-2.438) 


0.552 


1.218 (0.524-2.833) 


0.647 


G3 


1.724 (0.746-3.985) 


0.202 


1.409 (0.464-4.282) 


0.545 


miR-214 (high vs. low) 


2.231 (1.175-4.238) 


0.014 


2.011 (1.027-3.937) 


0.041 



HR, hazard ratio; CI, confidence interval. 
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Circulating miRNAs might be released from cancer cells 
and communicate with recipient cells in the surrounding 
microenvironment by microvesicles [20] . For this reason, 
it is certain that urine would have the highest exposure to 
microvesicles from urothelial cancer tissue. 

A number of studies have established either the over-ex- 
pression or under-expression of miRNAs in different types 
of human malignancy [21-27] . Accumulated evidence has 
shown that miRNA expression signatures correlate well 
with the specific characteristics of each malignancy and 
can be used to classify normal and malignant tissues as well 
as the subtype of malignancy [25,26]. These observations 
suggest that miRNAs can function either as tumor sup- 
pressors or oncogenes, regulating different cellular proc- 
esses by targeting hundreds of genes and conferring a pre- 
dictive diagnostic value to miRNA expression [27] . 

In solid tumors, such as stomach, pancreatic, and pros- 
tate cancer, alteration of the levels of a small number of 
miRNAs including miR-214 has been identified as a 
signature. In breast cancer, miR-214 expression is reduced 
[28,29], and in pancreatic and ovarian cancers, miR-214 
has a relationship with chemoresistance [21,30]. These 
studies have proposed that miR-214 negatively modulates 
angiogenic activity and inhibits cell proliferation. 
However, studies that have evaluated the relationship be- 
tween the level of miR-214 and bladder cancer are rare, 
which, of course, includes urinary miR-214. 

In the present study, we confirmed that urinary miR-214 
can serve as a noninvasive prognostic biomarker of bladder 
cancer. The levels of miR-214 capably distinguished 
NMIBC patients from the noncancerous controls, but could 
show no correlation with either the grade or the stage of 
NMIBC. We suggest that the NMIBC patients had rela- 
tively high levels of miR-214 compared with the control pa- 
tients owing to the tumor-suppressive effects of miR-214. 

In NMIBC patients, low levels of urinary miR-214 could 
be associated with a recurrence of NMIBC owing to rela- 
tively low tumor-suppressive effects. On the basis of these 
results, we inferred that miR-214 could be related to the 
inhibition of angiogenesis, to cell proliferation, and to tu- 
mor recurrence. 

As far as we could ascertain, only one study has evaluated 
urinary cell-free miRNAs as diagnostic and prognostic bio- 
markers of bladder cancer. The current study is the first 
to link urinary miRNA-214 with bladder cancer. The re- 
sults of this study indicated that miR-214 in urine might 
serve as a noninvasive biomarker for predicting the prog- 
nosis of bladder cancer. 

CONCLUSIONS 

Low levels of urinary miR-214 can be used as an in- 
dependent prognostic parameter for the recurrence of 
NMIBC. Thus, cell-free urinary microRNA-214 might be 
a useful noninvasive biomarker for the recurrence of 
NMIBC. 
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